The effect of addingfentanyllOO mcg to bupivacaine 0.5% plain to establish epidural anaesthesia for elective caesarean section was investigated in a randomised, double-blind study of sixty healthy women. The quality of intraoperative analgesia as assessed by both patients and anaesthetists was significantly improved with fentanyl. The onset and duration of sensory anaesthesia, degree and duration of motor block, and other characteristics of epidural anaesthesia were unaltered. No adverse maternal side-effects (except mild pruritis) were noted and neonatal outcome was unaffected. The pharmacokinetics of epidural fentanyl administration were investigated by plasmafentanyl assays from maternal and cord blood taken at delivery.
obstetric patients during labour s -8 and are also reported to improve the quality of perioperative analgesia when establishing epidural anaesthesia for non-obstetric surgery.9-11 Since 1984, a small number of both controlled and open studies have described the enhancement of sensory anaesthesia during epidural caesarean section when fentanyl is added to either lignocaine 2% with adrenaline or bupivacaine 0.5% with or without adrenaline. 4 ,12-1S However, assessments of the effect of additional fentanyl on the other characteristics of the epidural block, and maternal side-effects, yielded conflicting results. More importantly, the neonatal effect of administering epidural fentanyl shortly before delivery has not been adequately addressed and this is a central consideration for the potential general clinical application of the technique.
We designed a randomised, double-blind controlled clinical trial aiming firstly to confirm an open evaluation reporting better intraoperative analgesia when fentanyl was combined with bupivacaine plain 0.5%,12 and secondly to investigate the effect of such a combination on all characteristics of the epidural block and the neonatal outcome.
METHODS AND MATERIALS
Sixty women (of ASA classification 1 or 2) with a singleton cephalic foetus were studied at elective caesarean section. Hospital Research and Ethics Committee approval and informed consent were obtained. Patient characteristics of age, weight, parity and type of caesarean were recorded. All women received ranitidine 150 mg orally two hours preoperatively and sodium citrate 0.3M 30 ml orally plus metociopramide 10 mg intravenously within thirty minutes of surgery. At least 1500 ml of warmed crystalloid (Hartmann's) solution was administered intravenously during the insertion of a 16 gauge mid-lumbar epidural catheter. All women were maintained in the left lateral position until transfer onto the theatre table, which was tilted 15° to the left.
Study solutions were independently prepared, coded and randomised by the hospital pharmacy. Women received 2 mlof study solution (either fentanyl 100 mcg or normal saline) from a numbered ampoule, the solution being added to 20 ml of bupivacaine plain 0.5% to give a final volume of22 ml (and bupivacaine concentration of 0.45%). Sensory anaesthesia to at least T5 was established incrementally, an initial 2 ml volume being followed by 5 ml aliquots five-minutely, providing no abnormal response was obtained after any dose. If after twenty-five minutes (22 ml of solution) bilateral loss of sensation to cold was not achieved at T5, further 5 ml increments of 0.5% plain bupivacaine were administered five-minutely. Respiratory rate (RR) was recorded ten-minutely and systolic blood pressure (SBP) three-minutely. Hypotension was defined as a SBP ofless than Anaesthesia and Intensive Care, Vol. 18, No. 1, February, 1990 or equal to 90 mmHg or a fall of 30 mmHg from baseline, using an automated blood pressure device. All women were given supplementary oxygen, continuous ECG, intermittent BP, RR and foetal heart rate monitoring on entry to theatre, and intravenous oxytocin at delivery. Maternal side-effects noted by the anaesthetist were nausea, vomiting, hypotension, respiratory depression (defined as a RR less than ten breaths per minute), sedation, shivering and pruritis (the latter three categorised as either mild or severe).
The onset of epidural block was defined as the interval from initial epidural injection to the establishment of sensory anaesthesia at T5. At this time sensory anaesthesia at the first sacral (S 1) dermatome on the lateral border of the foot was assessed by the loss of sensation to cold and classified as partial or complete. Motor block was also assessed using a Bromage scale: 0 = no block, full hip and knee flexion, 1 = 33% block, just able to flex knees,2 = 66% block, able to move feet only, 3 = 100% block, no movement. The duration of motor block was defined as the time interval from assessment until the woman was capable of straight-leg-raising with both lower limbs independently. Intraoperatively, analgesia during surgery was rated by the anaesthetist as 3 = excellent, no pain, 2 = good, minimal or transient pain only, 1 = fair, moderate or persisting pain requiring supplementary analgesia (but withholding fentanyl or epidural opioid), 0 = failed, conversion to general anaesthesia for severe pain. During an interview on the first postoperative day each woman completed a visual linear analogue pain scale (VLAPS) of 100 mm, to quantify the worst pain experienced at any time intraoperatively. The duration of sensory anaesthesia was defined as the interval from its onset to the first administration of postoperative analgesia.
The interval from first epidural injection to delivery and uterine incision to delivery were noted. Neonatal assessments by a paediatrician included Apgar scoring, time to sustained respiration, and umbilical venous and arterial blood gas analyses (taken from a double-clamped segment of cord shortly after delivery). In eighteen women maternal venous, umbilical venous and arterial blood samples were taken immediately postdelivery until ten cases from the fentariyl group had been sampled. These were then assayed by the hospital biochemistry department for plasma fentanyl levels, using a radioimmunoassay kit with a sensitivity of 0.05 ng per ml.
All data collected were tabulated and summarised by appropriate statistics using SYSTAT. 16 Percentages were compared using the Pearson chi-squared statistic and means using the Student's t-test statistic. All statistical tests were performed using a significance level of 5% (P = 0.05).
RESULTS
Six cases (three from each group) were withdrawn from the study prior to commencing surgery due to failure to follow study protocol or technical failure to achieve adequate epidural anaesthesia, requiring conversion to spinal or general anaesthesia. Of the 54 cases entered for analysis, 27 were in the fentanyl group and 27 in the saline group.
Patient characteristics:
Details of patient characteristics are shown in Table 1 . The two groups were similar with respect to age, weight, repeat caesarean, volume of solution used to establish epidural block and time from initial epidural injection to delivery. There was a trend to a greater Open bar = excellent: Spotted bar = good:
Striped bar = fair: Solid bar = failed: number of multiparous women in the fentanyl group (p= 0.08, Yates corrected value).
Intraoperative analgesia:
The quality of intraoperative analgesia as assessed by the anaesthetist is shown in Figure  1 . The maximum intraoperative pain score and number of women with pain score of zero are shown in Table 2 .
The majority of women in both groups were considered to have good or excellent analgesia (93% in the fentanyl group, 74% in the saline group). A significantly greater number however in the fentanyl group had excellent analgesia (81 % versus 48%, P = 0.01). Patient pain score in the fentanyl group was significantly lower than in the saline group (6 [SD 9] versus 21 [SD 24] P = 0.004), although there was no significant difference in the number recording a zero pain score intraoperativeiy (44% versus 30%, P 0.26).
Characteristics of epidural anaesthesia:
The onset of epidural block, sensory anaesthesia at SI, the duration of sensory anaesthesia, and the duration of motor block are shown in Table 2 . The quality of motor block as assessed by a Bromage scale is shown in Figure 2 . The onset of epidural sensory anaesthesia and its subsequent duration were similar in both groups, at approximately thirty minutes and five hours respectively. Complete sensory anaesthesia at the SI dermatone was present in 30% of the fentanyl group and 41 % of the saline group, a nonsignificant difference. There was a trend for the saline group to be more likely to have 'no block' (P = 0.08) however the average motor block score was 49% in the fentanyl group and 42% in the saline group, a nonsignificant difference. The duration of motor block was similar, at approximately four hours, in both groups.
Maternal side-effects
The incidence and severity of maternal side-effects are shown in Table 3 . Although most women in both groups (74% overall) experienced at least one side-effect, in almost all cases these were mild. Pruritis was never severe and was encountered only in the fentanyl group (P = 0.04), the incidence being 15%. There was no significant difference between groups with respect to any other individual side-effect. Nausea occurred in 31 % overall and vomiting in 9%. Shivering was seen in 20% and was severe in only two cases (both in the saline group). Sedation was noted in 30% of all women. Hypotension occurred with an incidence of 31 % and in no case did respiratory rate fall to less than ten breaths per minute.
Neonataloutcome:
Uterine incision to delivery intervals were similar in both groups and are detailed with neonatal assessments in Table 4 .
The times to sustained respiration (TSR), Apgar scores at one and five minutes and cord blood gas analyses were within normal limits in both groups. There was no significant difference between groups for TSR, I-minute Apgar score, umbilical venous and arterial pH, PC02 or P02. There was a significantly better 5-minute Apgar score in the fentanyl group (P = 0.04). 
Plasma fentanyl assays:
The results of plasma fentanyl assays are shown in Table 5 .
Plasma fentanyl was not detected in 7 of 10 maternal venous, 6 of 9 umbilical venous, and 5 of 8 umbilical arterial blood samples. Mean levels for maternal venous blood were 0.06 (SD 0.09) ng per ml (range 0-0.23); for umbilical venous blood 0.11 (SD 0.19) ng per ml (range 0-0.43); and for umbilical arterial blood 0.32 (SD 0.6) ng per ml (range 0-1.6).
DISCUSSION
The patient population in the two study groups was demographically similar except for parity. This seems unlikely to be a factor of clinical significance determining patient response to epidural anaesthesia and surgery. Although all participating women were classified 'healthy' neither gestational age nor current foetal condition were controlled in the admission criteria for the study. The volume of epidural solution required to establish surgical anaesthesia was similar in both groups, at approximately 25 ml. This is consistent with previous reports using an incremental technique. 3 ,17,18 Since study solution was mixed with 20 ml ofbupivacaine prior to initial injection, initial bupivacaine concentration was reduced to 0.45% and a small number of women in the fentanyl group may not have received the full 1 00 mcg dose of fentanyl.
Intraoperative analgesia during abdominal surgery under epidural anaesthesia is enhanced by the addition of fentanyl to local anaesthetic both in non-obstetric patients 9 . 11 and during caesarean section. 4 ,12'15 A small double-blind trial of bupivacaine 0.5% with adrenaline, with or without fentanyl 100 mcg, reported less intraoperative pain and supplementation in the fentanyl group but did not address other block characteristics or neonatal outcome in detail. 4 A double-blind study comparing 2% lignocaine with adrenaline alone or with 1 mcg per kg of fentanyl, also at caesarean section, found the intensity of surgical pain consistently less in the combined group, but at no assessment was this difference statistically significant and other block characteristics were not assessed. 13 The results of our study confirm and complement previous reports. Plain bupivacaine alone provided excellent analgesia in only half the cases and the range of pain scores was wide. Twenty-seven of this saline group required supplementary analgesia, a finding consistent with previous studies using 0.5% bupivacaine. l -4 In contrast, 81 % of the fentanyl group were considered to be completely pain-free throughout the operation (despite exteriorisation of the uterus being an occasional surgical practice), and pain scores were significantly lower. The two women in this group (7%) who received supplementary analgesia recorded very low pain scores (2 and 15), suggesting anxiety may have been a major contributor to this requirement. The worst recorded patient pain score in the fentanyl group was 38, indicating the reliability of good sensory analgesia achieved using this opioid-Iocal anaesthetic combination. Previous studies suggest lower doses of fentanyl may also be effective, although the optimum dose is unclear. The addition of fentanyl 50 mcg reduced bupivacaine supplementation intraoperatively and prolonged postoperative analgesia in an elderly population, II and reduced supplementary intravenous analgesia during caesarean section, but did not improve patient or anaesthetist rating of anaesthesia. 14 A dose of 1 mcg per kg (mean 72 mcg) also proved efficacious. 13 In this study good analgesia was achieved with bupivacaine-fentanyl despite a majority of women having incomplete sensory anaesthesia at the first sacral nerve (SI) dermatome. The incidence of so-called'S 1 root-jumping' was similar in both groups and an explanation for a single report of an increase in this phenomenon when fentanyl 200 mcg was added to a fixed volume of 0.5% bupicacaine 9 may be the dilutional effect on bupivacaine concentration.
The effect of additional fentanyl on the other characteristics of epidural block is controversial. A significantly reduced onset time to establishment of surgical anaesthesia has been reported in an open evaluation at caesarean section 12 and also for nonobstetrical abdominal surgery, II although as in this study, other authors report no change with the addition offentanyl 100 mcg to 0.5% bupivacaine. 9 The duration of sensory analgesia postoperatively was also unaltered, although prolongation of effect and delayed regression times have also been described. 9 
,11
Previous studies have found no effect on the onset of motor block 9 ,11 but an increase in the degree of block. 7, 10 The only evaluation at caesarean section found no significant difference between groups in ability to raise the foot l2 and in this study, a more detailed evaluation revealed no significant difference between groups with respect to overall degree of motor block and its duration, except for a trend to 'no block' occurring more freqently in the saline group.
In general, side-effects occurred with equal frequency in both groups. Pruritis was the sole side-effect occurring with greater frequency in one group (fentanyl). An incidence of 15% is consistent with other studies in this settint,7,12 and in no case was it bothersome, or treatment required. Nausea and vomiting are common during epidural caesarean section, occurring in 10 to 50% of women. 3 ,4,12,13 Despite administering an effective antiemetic l9 the incidence in this study was similar, although most cases were transient and often associated with brief hypotensive episodes. The use of perioperative epidural fentanyl may reduce the incidence of emesis during surgery. 20 Shivering was seen in 20% overall and was usually mild. This is consistent with previo~s studies where intravenous fluids were warmed,21-23 a prophylactic measure of some preventative value. Epidural fentanyl did not appear to reduce the incidence of shivering, although it is, like pethidine, effective as' a treatment. 24 ,25 Sedation was generally mild, observed most commonly post-delivery and not increased by epidural fentanyl. There was no significant difference between groups with respect to hypotension, which occurred frequently, as documented in previous studies, 1,4,13,14 despite preloading with 1500 ml of crystalloid. Most episodes were transient, usually on transfer to a lateral tilt position on the theatre table, and responded rapidly to increased uterine displacement, intravenous fluids or small doses of ephedrine. Lumbar epidural fentanyl in a 100 mcg dose does not produce significant clinical respiratory effects 26 ,27 and no case of reduced respiratory rate (to less than 10) was encountered.
The neonatal consequences of administering a lipophilic opioid epidurally shortly before delivery have only very recently been investigated. On pharmacokinetic grounds fentanyl may be the epidural opioid of choice when delivery is imminent, since foetal arterial levels remain low despite rapid transplacental transfer, presumably due to tissue sequestration. 28 During labour, epidural fentanyl doses of 50 to 100 mcg repeated every ninety minutes have no effect on neonatal Apgar scores, cord blood gas analyses or neurobehavioural scores from birth to 24 hours oflife. 29 ,3o Clinical evaluations of doses up to 100 mcg given within an hour of delivery have found no demonstrable effect on neonatal outcome, as assessed by Apgar scores, blood gases and neurobehaviourable assessments. 13·15 When compared to infants of non-medicated women in labour, no significant difference was found. 31 Studies examining the potential effect on neonatal respiration have reported no significant effect in healthy neonates, as assessed by apnoea monitoring or various respiratory parameters reflecting lung mechanics and the pattern of neonatal breathing. 15, 32 In this study, neonatal outcome was assessed only with Apgar scoring, time to sustained respiration (TSR) and cord blood analyses, and proved generally good. There was no significant difference between the groups with the exception of a higher mean 5-minute Apgar score in the fentanyl group, a result of no clinical significance.
Individual cases of low I-minute Apgar score (less than 7), prolonged TSR (greater than 60 seconds) or moderate acidosis (umbilical arterial pH less than 7.2) were recorded in both groups (seven in the saline group, six in the fentanyl group), probably reflecting that premature, compromised, and growth-retarded foetuses were included in this study population from a high-risk obstetric and perinatal referral unit.
Plasma fentanyl levels in maternal venous blood were very low (maximum level 0.23 ng per ml) when assayed approximately 40 minutes after the final administration of epidural fentanyl. Peak plasma levels in labouring women are reached in five to ten minutes 30 ,33,34 but at elective caesarean section a peak at eighteen minutes postadministration has been reported. 12 Most women had undetectable levels, the mean for all samples being consistent with other studies in non-labouring pregnant women. 12 , 13 In contrast to other studies, mean foetal levels were slightly higher than maternal, although quantitatively similar to when equivalent doses and sampling intervals were used. 12 , 35 While seven of the ten neonates had levels at or below the limit of detection, two had unexpectedly high umbilical arterial (U A) concentrations of 0.9 and 1.6 ng per ml. In adults, 1-2 ng per ml is associated with initial depression of the ventilatory response to carbon dioxide,36 although the correlation between blood concentration and neonatal respiratory depression is not precise and some investigators postulate extreme sensitivity of the neonate to respiratory effects. 37 In one study three foetuses with levels greater than 1 ng per ml also had transient decreases in foetal heart rate beat-to-beat variability, presumably due to a temporary sedative effectY If accurate, the degree of fentanyl accumulation in these two neonates in this study is both surprising (maternal levels being much lower) and of some potential concern. Foetal acidosis may predispose to trapping of fentanyl in the foetal circulation, resulting in higher neonatal concentrations relative to maternal and perhaps greater risk of respiratory depression. Nevertheless, condition at birth was satisfactory in both cases. Apgar scores were greater than seven and spontaneous, rhythmic respiration was established in ten and thirty seconds respectively, although one neonate was moderately acidotic (UA pH 7.20).
In conclusion, this study has demonstrated that the addition offentanyl 100 mcg to 0.5% bupivacaine for epidural caesarean section is a valuable clinical manoeuvre. The quality and reliability of intraoperative analgesia was improved significantly, without producing significant maternal side-effects or altering the other characteristics of the epidural block. Furthermore there were no demonstrable adverse neonatal effects. Although this technique can be recommended for routine use in healthy women with healthy foetuses, it should perhaps be used with caution in the premature or compromised foetus until further investigation of the potential neu·robehavioural and respiratory effects of epidural fentanyl is conducted in this subpopulation.
